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CAROTIN-THE PRINCIPAL NATURAL YELLOW PIGMENT OF 
MILK FAT-.PART II.* 
Chemieal and Physiological Relations of Pigments of Milik Fat to the 
Carotin and Xanthophy1ls of Green Plants. 
LEROY s. PALMER AND c. H. ECKLES 
For a number of years the great variety of yellow animal pig-
ments have been classified under the general name lipochrome. Recent 
investigations by Willstatter and Escher,1 and by Escher 2 have shown, 
however, that some of these pigments are in reality very closely related 
or identical with the carotin or xanthophyll pigments of plants. Will-
statter and Escher have · analyzed the pure lutein of egg yolk and 
found it to be isomeric with the crystalline xanthophyll of green 
plants; and Escher has identified in the same manner the lipochrome 
of the corpus luteum as a true carotin. The isolation of both pig-
ments was attended with great difficulty, In the case of the egg yolk 
pigment the yolk of 6,ooo hen eggs yielded only four grams of crude 
crystalline pigment, while in the case of the corpus luteum pigment 
less than 0.5 gram of crystals were obtained from rn,ooo cows' ovaries. 
The natural yellow pigment of butter is the most commonly ob-
served of all animal lipochromes. It is also more important from a 
commercial standpoint than any other animal pigment; the public 
judges the richness of dairy products by their yellow color, and de-
mands that butter especially shall have a standard shade of yellow. 
The pigment of butter fat, however, has been the least investigated 
of all animal lipochromes. Thudichum's 3 classical investigation in-
cluded the pigment of butter fat under the general classification· 1utein, 
which he proposed. No other study of the butter fat pigment has 
1. Zeit. f. Physiol. Chem. 76, pp. 214-225 (1912). 
2. Zeit. f. Physiol. Chem. 83, p. 198 (1913). 
3. Proc. Roy. Soc. 17, p, 253 (1869). 
*See Res. Bul. No. 9, p. 312, for statement of co-operation with U. S. 
Dept. of Agriculture. 
(339) 
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been reported. It is usually classified in the current text books,1 
however, according to Krukenberg's classification of lipochromes. 
In view of the commercial importance attached to the butter fat 
pigment and especially in view of the results of the most recent inves-
tigations in this field, it was recognized that a thorough investigation 
of this pigment would be of great value both from a scientific as well 
as a practical standpoint. 
The present investigation was therefore undertaken for the pur-
pose of classifying the butter fat pigment as a true lipochrome and 
also with respect to its relation to the carotin and xanthophylls of 
green plants. It was also the purpose of the investigation here 
recorded, to gather as much information as possible relative to the 
influence of certain factors upon the color of butter, among which may 
be mentioned the character of the ration and the breed of the cow. 
METHODS OF ISOLATION, 
The statement is frequently met in the literature 2 and in the text 
books and works s on oils and fats, that the pigment of butter or butter 
fat appears in the unsaponifiable extracts along with cholesterol and 
other substances. 
A number of methods for obtaining the unsaponifiable ·matter of 
butter fat are available and several were tried. The method finally 
adopted for the isolation of the crude pigment was to saponify th·e 
butter fat with a twenty per cent solution of alcoholic potash, using 
2 c. c. for each gram of fat. Saponification was allowed to continue 
for one half to one hour at the temperature of the boiling solution. 
The soap was dissolved in three volumes of distilled water. After 
cooling, the solution was shaken with an equal volume of pure ether 
in a separatory funnel. The extraction was repeated with a fresh 
volume of ether equal to one-half the volume of the soap solution. 
It was found that this procedure would leave the soap colorless, if 
no aldehyde resins had formed during saponification or none of these 
colored bodies had been present in the alcoholic potash previous to its 
addition to the fat. The ether extract containing the pigment and 
other unsaponifiable matter was now freed from alkaline soap, by 
shaking many times with ·excess water, carefully at first to avoid 
1. Such as Hammarsten, "Text Book of Physiological Chemistry": and 
Schaefer, "Text Book of Physiological Chemistry", etc. 
2. Kirsten: Zeit. Nahr. Genuss. 5, p. 833 (1903). 
3. Lewkowitsch: "Oils, Fats and Waxes." Vol. I, p. 371, (1909 Edition). 
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emulsions, and mor·e vigorously with subsequent washings. When 
the wash water no longer reacted alkaline toward phenolphthalein, the 
ether was either dried over fus·ed CaCl2 or, after standing several 
hours, decanted from the precipitated moisture. The ether was then 
evaporated, leaving a salve-like residue of various tints of yellow to 
orange to red, depending upon the amount of fat used and the depth 
of its original color. 
Although the methods of study .eventually adopted did not make 
the procedure necessary, it was found possible to completely free 
the pigment from its chief impurity, i. e., cholesterol, by means of 
the digitonin method of Windaus 1 for the quantitative estimation 
of cholesterol. A hot one per cent solution of digitonin in ninety 
per oent alcohol, when added to an alcoholic solution of the un-
saponifiable residues from butter fat, completely precipitated the 
choiesterol as a colorless compound, leaving the pigment in solution. 
This solution was still contaminated, however, with traces of fat and. 
lecithin decomposition products. 
GENERAL PROPERTIES OF THE BUTTER FAT PIGMENT. 
The unsaponifiable residues from butter fat, either crude or freed' 
from cholesterol by digitonin, were readily soluble in hot alcohol and 
in ether, chloroform, petroleum ether, etc. with a golden yellow color; 
and in carbon bisulphide with a color which varied, according to the 
concentration, from a red orange to a blood red color. The freshly 
prepared crude, and also, the cholesterol-free residues usually gave 
an instantaneous but transient purple color on adding a drop of con-
centrated sulphuric acid, a light green color quickly changing to a 
greenish blue color on adding a drop of concentrated nitric acid, and 
a dark blue color with the combined acids. These color reactions 
were usually shown a little clearer by the cholesterol free residues. 
Small amounts of impurities often interfer·ed with the color reactions; 
in fact they were often rendered negative by some slight decompo-
sition of the pigment which was not apparent in the intensity of the 
color. This was ·due to the fact that the crude samples of butter fat 
pigment were very unstable, quickly bleaching in the air, especially 
with the aid of heat in the presence of a little water. It was necessary 
therefore to take great care to have the ether solutions of the pigment 
as free as possible from water before evaporation, or to transfer the 
pigment to some solvent such as petroleum ether, which does not 
absorb water so readily. 
1. Zeit. £. Physiol. Chem. 65, p. 110 (1909). 
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In addition to the above properties it was found that all fat-free, 
but not necessarily cholesterol-free solutions of the pigment showed 
spectroscopic absorption bands. In alcohol two sharp bands were 
exhibited in the blue part of the spectrum; and in carbon bisulphide 
these bands ·were nearly always accompanied by a third faint band 
in the vioJ.et, which was now visible on account of the general shifting 
of the bands toward the red end of the spectrum. The unstable char-
acter of the butterfat pigment requir·ed that the isolation be carried 
out as rapidly as possible in order to preserve all the characteristic 
properties of the pigment. This was especially true for the study of 
the absorption spectra. Fifteen to thirty grams of fat were found 
to yield sufficient pigment for a spectroscopic study. The use of 
large quantities of fat (300 to 1,000 grams) always led to unsatis-
factory results. 
The general properties of the butter fat pigment show that it is 
to be classed as a true lipochrome. The chemical relation of the pig-
ment to the carotin and xanthophylls of green plants remains to 
he shown. 
METHODS OF IDENTIFICATION. 
The nature of the substances with which the butter fat pigment 
is associated at once precluded its isolation in sufficient quantity to 
establish its chemical composition and molecular weight. It was 
therefore necessary to adopt other methods of identification which 
would be sufficiently accurate and characteristic that the final results 
could not be mistaken. 
The methods that were adopted were, (1) a study of the spec-
troscopic absorption properties, ( 2) a study of the relative solubility 
properties, (3) a study of the adsorption properties with respect to 
calcium carbonate; ( 4) an attempt was also made to study the crys-
talline form. 
Before giving the results of our studies, some discussion will be 
given of the relative solubility and adsorption properties of carotin 
and the xanthophylls. 
RELATIVE SOLUBILITY OF CAROTIN AND XANTHOPHYLLS. 
M. Tswett 1 was the first one to publish a comprehensive state-
ment in regard to the relative solubility of the plant pigments in 
1. Ber. der. Deut. Botan. Gessel. 24, pp. 316, 384 (1906). 
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different solvents. He classified the solvents into three groups as 
follows according to their relation to the leaf pigments. 
"I. Alcohols (methyl, ethyl, amyl) , acetone, acetaldehyde, ether, 
chloroform: These solvents, acting on freshly cut up or dried leaves 
dissolve out all pigments equally and completely." . 
"2. Petroleum ether or petroleum benzin: This solvent, acting 
on fresh leaves finely ground with sand or emery, takes on a 
more less yellow appearance, which is especially due to carotin, 
but contains also other pigments. Dried leaves (at a low temperature) 
likewise give up their carotin to this solvent, and in somewhat purer 
condition." 
"3· Benzol, xylol, toluol, and carbon bisulphide: These solv-
ents set intermediately between the first two groups." 
Willstatter and Mieg 1 a little later approached the same problem 
from another standpoint and showed that the methods used by Kraus 2 
and Sorby 3 for demonstrating the presence of more than one pigment 
in green plants, when properly applied could be made characteristic 
properties of carotin and xanthophylls. Kraus shook his alcoholic 
extracts of green leaves with petroleum ether and found that the 
green pigment went into the petroleum ether leaving the alcoholic 
solution yellow. Sorby shook his alcoholic extracts with carbon 
bisulphide and found that the latter solvent contained the green pig-
ment while the alcohol was left yellow. Wilstiitter and Mieg, apply-
ing these tests to the isolated carotin and xanthophyll pigments obtained 
the following results : 
"I. If methyl alcohol is added to a petroleum ether solution 
of carotin so that the liquids do not mix, the carotin will remain for 
the greatest part in the petroleum ether layer, the alcohol layer being 
only slightly colored. If a trace of water is added, the methyl alcohol 
layer will become colorless. The same phenomenon occurs with ethyl 
alcohol, and one can start with an alcohol or benzol solution and 
show the same thing." 
"2. If carbon bisulphide is added to an alcoholic carotin solu-
tion and a little water added, the carbon bisulphide will separate and 
will quantitatively contain the carotin." 
"3. If an alcoholic solution of the xanthophylls is mixed with 
petroleum ether and the liquids separated with a little water, by far the 
greatest portion of the xanthophylls will he found in the alcohol layer." 
1. Ann. der. Chemie 355 p. 8 (1907). 
2. Flora, p. 155 (1875). 
3. Proc. Roy. Soc. 21, p. 456 (1875). 
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"4· If an alcoholic solution of xanthophylls is mixed with carbon 
bisulphide and the solvents separated with water, the xanthophylls will 
be distributed between both layers." 
Schunck,1 using Sorby's method, showed that if alcoholic solu-
tions of xanthophylls are repeatedly shaken with carbon bisulphide 
all the xanthophylls with spectroscopic absorption properties can be 
extracted. 
Tswett 2 studying this question again in !9r r states that, "Accord-
ing to a well known mle, organic compounds are best soluble in solv-
ents of similar composition," and concludes that carotin, a hydrocarbon, 
is therefore much mor'e readily soluble in the hydrocarbons of the 
aliphatic and cyclic group than in alcohols, a point well illustrated 
by the above experiments of Willstatter and Mieg. Continuing, Tswett 
states, "If one therefore shakes an eighty to ninety per cent alcoholic 
solution of carotin with petroleum ether, the pigment goes almost 
completely into the petroleum ·ether layer." "A pigment which in 
the above mentioned two phase system occupies the lower alcoholic 
layer, is therefore not a carotin." It may be added in the light of 
Willstatter and Mieg's investigation that if the original solution before 
differentiation was a mixture of carotin and xanthophylls, the. lower 
alcoholic layer will contain the xanthophylls. 
ADSORPTION PROPERTIES OF CAROTIN AND XANTHOPHYLLS. 
Considering now the so-called adsorption properties of the pig-
ments, we find that this striking characteristic was discovered and 
elaborated by Tswett.s This investigator found that by shaking a 
perfectly anhydrous petroleum ether or carbon bisulphide solution of 
the mixed pigments of green plants with an excess of dry calcium 
carbonate, Inulin or Saccharose, all the pigments will be comp.letely 
adsorbed by the material with the exception of the carotin, which can 
be readily washed out of the material with the free solvent. In the 
case of petroleum ether solutions the green colored mass can now 
be completely freed from all its pigments by means of petroleum ether 
containing ten per cent absolute alcohol. If the resulting solution 
is now shaken with eighty per cent alcohol the petroleum ether layer 
will contain the chlorophyll pigments and the alcohol layer the xan-
thophylls. "If to the petroleum ether solution of the mixed pigments 
1. Proc. Roy. 72 (1903). 
2. Ber. der. Deut. Botan. Gessel. 29, p. 630 (1911). 
3. Ber. der. Deut. Botan. Gessel. 24, p. 316 and 384 (1906). 
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is added adsorption material only sufficient to destroy the fluorescence, 
both the carotin and xanthophylls remain in solution,',' and can be 
separated by means of a. differentiation between the petro1eum ether 
and eighty per cent alcohol, or, "By treating the solution with more 
adsorption material, after pouring it away from the first, and the 
xanthophylls then fr.eed from combination with the adsorption material 
by means of alcoholic petroleum ether." In addition to the above, 
Tswett made the interesting discovery that the pigments which are 
adsorbed by the various materials suggested, can to a certain extent 
displace one another in the adsorbing material. As an example one 
finds that, "If a petroleum ether solution of the mixed pigments is 
filtered through a column of adsorption material (such as CaC03 
packed tight in a glass tube) the pigm1ents will be separated from one 
another from top to bottom in differently colored zones, proportion-
ately to their degree of adsorption." This 
separation will be complete if a stream of 
pure solvent is put through the column 
after the pigment has been adsorbed in 
the upper part of the column. As stated 
by Tswett, "Like the rays of light in the 
spectrum, so the different components of 
a pigment mixture are actually separated , .... , 
in the CaC03 column, and may thus be 
qualitatively estimated." Tswett calls 
such an experiment a "chromotogramm." 
He found carbon bisulphide to be one of 
the most useful sohrents for a chromato-
graphic analysis, on account of the bril-
liant color which all pigments show in 
this solvent. 
In describing the technique for the 
chromotographic analysis, the author 
mentions the following essential points. 
A very finely divided material with not 
too strong adsorption properties should 
be used for the adsorbator. ( CaC03 was 
found to answer these qualifications FrnuRE I. 
best.) A glass tube is now prepared IO to 
20 m. m. in diameter and I 5 to 20 c. m. 
long, one end of which is drawn out to 
a narrow diameter, at which end the opening is fused in a little to 
form a base for the deposition of the adsorbing material. A small 
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piece of cotton is placed in the small ·end of the tube and the per-
fectly dry CaC03 poured in and firmly tamped down to a homogenous 
texture. The chromotographic apparatus may now be arranged accord-
ing to Figure I, and the filter flask attached to the suction pump. The 
CaC08 is now moistened with a little of the solvent to be used, (this 
is very necessary) and a certain amount of the liquid which is to be 
studied poured on the CaC03 • A stream of pure solvent is subs·e-
quently established and the different adsorption zones will then spread 
out and r·each their definite maximum differentiation. All unadsorbed 
substances will be completely washed away and, "Substances which 
form truly dissociable adsorption compounds with the CaC03 pass 
slowly, 'ringwise' through and can be taken up each by itself at the 
mouth of the tube." 
Carotin and Xanthophyll of Green Plants. 
After selecting the methods of differentiation and characteriza-
tion to be applied to the milk fat pigment, it was considered desirable 
to ascertain whether they were sufficiently characteristic for a com-
plete identification, should the milk fat pigment be found to be either 
a carotin or a xanthophyll. The following experiment was accord-
ingly carried out. 
About fifteen grams of air dry and finely divided alfalfa hay 
which had a deep green color, was let stand for several days, with 
shaking, under pure carbon bisulphide. The resulting deep olive brown 
fluid was concentrated to about 25 c. c. at a low temperature. A 
glass tube about eight inches long and one-half inch in diameter, 
the last two inches of which were drawn out to a small opening, 
was now filled and packed with pure CaC03, which had been pre-
viously dried for two hours at I50° C. The CaC03 was tamped 
in a small portion at a time by means of a small cotton wad and a 
heavy glass rod. The small end of the tube was now inserted through 
a one hole rubber stopper and fiU.ed tightly into a side neck test tube. 
The apparatus was then attached to a suction pump. A stream of pure 
carbon bisulphide was passed through the column. When the CaC03 
had become thoroughly moistened, 2· to 3 c. c. of the alfalfa extract was 
poured into the top of the column; vigorous suction being maintained 
all the time. When the extract had passed entirely into the CaC03 
and occupied about one inch of the column, a stream of pure carbon 
bisulphide was run through. As the pigment passed through it dif-
ferentiated itself into a number of green and yellow zones, the least 
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adsorbed pigment at the bottom of the differentiation having a rose 
color. The stream of carbon bisulphide was continued until the rose 
colored solution began to drop from the lower end of the tube. The 
appearance of the column at this time is shown in Figure IL The 
stream of carbon bisulphide was now continued uritil the rose cok>red 
zone had entirely passed through. 
According to Tswett this zone contained only carotin. The beau-
tiful rose or red orange solution that was obtained was studied as 
follows: It was first examined in the spectroscope where it showed two 
distinct bands, and a faint third one. (See Table 1.) The carbon bisul-
phide solution was then evaporated. The 
residue was on orange yellow solid. A 
portion of it gave a beautiful blue colora-
tion with concentrated H 2S04. 
The remainder of the residue was 
dissolved in hot ninety-five per cent alco-
hol, and the phystosterol which precipi-
tated out on cooling filtered off. The fil-
trate was divided into two portions, pe-
troleum ether (b. p. 30-50° C) being 
added to one and pure carbon bisulphide 
to the other. On separation of the re-
spective solvents with a little water, the 
pigment was found quantitatively in the 
petroleum ether and carbon bisulphide 
layers respectively. The pigment was 
again put into alcohol, and in this solv-
ent showed two strong absorption bands 
and end absorption. (See Table r.) 
Potassium hydroxide was now added 
to the alcoholic solution and the solution 
boiled for several hours. The alkaline 
solution was diluted with three volumes 
.of distilled water and extracted with an 
Colorless. 
-Zone!: Yellow. 
Colorless. 
Colorless. 
- Green Zone. 
_ { ZoneIII: 
Yellow. 
-+--->- Colorless. 
_ { ZoneIV: 
Orange-Yellow. 
-- { Greenlsh-Brown Zone. 
equal volume of ether. The ether com- Cotton Plua. 
pletely and r·eadily extracted the pigment, FIGURE II. 
showing it to be unsaponifiable. The golden yellow ether solution was 
washed free from alkali with water and evaporated to dryness. The 
residue was taken up with alcohol. This solution showed only two 
bands. (See Table r.) 
The alcoholic solution was now tested again for its relative 
solubility toward petroleum ether (b. p. 30-50° C) and carbon bisul-
3 
348 MISSOURI AGRICULTURAL EXP. STA., RESEARCH BULLETIN NO. IO 
phide. The pigment was again found quantitatively in the petroleum 
ether and carbon bisulphide. A portion of pigment was again put into 
alcohol and the solution made strongly alkaline with solid sodium 
hydroxide. On addition of much sodium chloride to this solution 
the pigment was not precipitated. The remainder of the pigment 
was now dissolved in carbon bisulphide, after evaporation of the solu-
tion (petroleum ether), and the carbon bisulphide solution filtered 
through the CaC03 column again. It passed through unadsorbed 
as a rose colored zone. 
TABLE 1. ABSORPTION (a) BANDS OF ALFALFA CAROTIN 
In CS2 In C2HsOH In C2HsOH (after 
saponification) 
Band I 225-245 256-275 256-277 
Band II 259-279 300-320 303-320 
Band III 300-320 345-... ....... 
(a) Note: It should be noted that all spectroscopic measurements, both 
this and subsequent ones, were made according to an arbitrary scale which was 
attached to the spectrometer. This scale was always set to a fixed standard be-
fore studying each pigment, the standard being produced by a sodium flame 
with the spectrometer slit closed to furnish the narrowest possible line. The 
spectrometer was equipped with a crown glass prism and lenses and had a nar-
row dispersion. 
The study of the alfalfa carotin showed conclusively that its 
adsorption, spectroscopic and solubility properties wer:e clear and 
characteristic and were unchanged by boiling in alcoholic potash. 
It was also shown that the pigment could not be salted out of its 
sodium alcoholate solution with common salt when the pigment was 
free from fat. If the solution had contained much soap the pigment 
would in all probability have been precipitated with the soap in 
the salting out process. The object of the test was to see whether 
this was or was not a characteristic test for a comparatively ·pure car-
otin. Newhigiri 1 claimed to have found a true lipochrome which 
could be salted out of its alkaline solution. 
1. D. Noel Paton. "Investigations on Life History of the Salmon." 1898, 
Art. XV. p. 159. 
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After studying the carotin pigment, more carbon bisulphide was 
nm through the column shown in Figure IL until the lower green zone .. 
was washed out. This was removed from the test tube and the stream· 
of carbon bisulphate continued until the two least adsorbed orange-yel-
low zones had been washed out. The carbon bisulphide solution of these 
pigments had a golden yellow color with a faint green tinge. Before 
the spectroscope the solution showed two chlorophyll bands in the 
red, and three very clear bands in the blue. (See Table 2.) 
The carbon bisulphide was evaporated off and the residue dis-
solved in hot eighty per cent alcohol, the phytosterol which pr·ecipi-
tated on cooling being filtered off. The alcoholic filtrate was now 
extracted with petroleum ether (b. p. 30-50 ° C), which took up some 
gr·een color. This was continued until no more green was extracted. 
The golden yellow alcoholic xanthophyll solution was examined in 
the spectroscope. No chlorophyll bands were visible but only two 
strong bands in the blue and sharp end adsorption. 
The alcoholic solution was now saponified with potassium hydrox-
ide and the diluted soap extracted with ether in the usual way. The 
color immediately went into the ether, the separation being complete· 
with one extraction. After washing free from alkali the ether was; 
evaporated. A portion of this residue as well as a portion of the res-· 
idue of the solution before saponification, showed a beautiful green-
ish blue coloration with concentrated H 2S04 • The remainder when 
dissolved in alcohol, gave a golden yellow solution showing two bands 
and ·end absorption. (See Table 2.) 
· 
TABLE 2. ABSORPTION BANDS OF ALFALFA XANTHOPHYLLS 
In CS2 In C2H,OH In C2H60H (after 
saponification) 
Band I 232-250 265-282 265-286 Band II 273-293 306-326 306-326 Band III 312-330 357- ~ .. 355-... 
A little HCl added to a portion of the alcoholic solution gave no 
blue coloration. Solubility tests on the saponified pigment showed 
that petroleum ether ·extracted no color from an alcoholic solution on 
dilution with a little water, while carbon bisulphide extracted about an 
equal portion. 
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These tests showed conclusively that this pigment belongs to the 
ex: group of xanthophylls; and that its adsorption, solubility and 
spectroscopic properties which are characteristically different from 
those of carotin, are unaltered by treatment with alcoholic potash. 
The remaining xanthophyll pigment was so firmly held in com-
bination with the CaC03 that carbon bisulphide would not wash it 
out. A stream of ten per cent alcoholic petroleum ether was there-
fore run through the column, washing out all the remaining pigments. 
The resulting solution showetl only faint absorption bands, indicat-
ing that the pigments noted above, i. e. carotin and xanthophyll ex:, 
are the principal yellow pigments of the alfalfa hay. 
IDENTIFICATION OF THE PIGMENT OF BUTTER FAT. 
With the properties of carotin and xanthophylls well established, 
attention was next directed to the butter fat pigment. The follow-
ing experiments were carried out, the results of which are very 
.striking. 
Experiment I. 
Fifteen grams of very yellow butter fat from a Jersey cow who 
was on fresh, green, fall grass was saponified in the usual way with 
alcoholic potash, taking great care to avoid the presence or formation 
of the colored alcohol decomposition products, the aldehyde resins. 
After dilution the soap was extracted with ether. The ethereal extract 
was washed free from alkali with distilled water and evaporated into 
ninety-five per cent alcohol. An equal volume (mo c. c.) of petroleum 
ether (b. p. 30-50° C.) was now added to the alcoholic solution and 
just enough water to cause a separation of the alcohol and petroleum 
ether. The golden yellow petroleum ether layer which resulted, con-
tained practically all the color. The alcohol layer was drawn off 
and extracted with fresh volumes of petroleum ether until only a 
trace of color went into the petroleum ether layer. All the petroleum 
ether extracts were then combined and extracted with eighty per 
cent alcohol. A mere trace of color went into the alcohol. The 
alcohol solutions were combined. 
The Petroleum ether sol>ution.-This contained by far the greatest 
part of the total pigment. The solution was evaporated quickly at 
a temperature belo\v 50° C., leaving a red oily residue which instantly 
dissolved in carbon bisulphide with a deep red orange color. After. 
adjusting the concentration for the ro m. m. cell, so that the bands 
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were all plainly visible, this solution showed three dist.inct absorption 
bands. (See Table 3.) 
The carbon bisulphide solution was evaporated to dryness at the 
lowest possible temperature, the residue taken up in 50 c. c. of hot 
ninety-five per cent alcohol and hot one per cent digitonin in ninety 
per cent alcohol added until no more precipitate came down. The 
digitonin-cholesteride was filtered off, the filtrate evaporated to dry-
ness, and the residue dissolved once more in carbon bisulphide. The 
solution still showed the three bands. On evaporation it left a golden 
yellow oil which solidified on cooling to a reddish yellow salve. Con-
centrated H 2 S04 added to the residue gave a blue green color which 
slowly changed to a purple color. 
The alcoholic solution.-This was evaporated to dryness. When 
very concentrated it showed a little color, and the carbon bisulphide 
solution of the residue had a light orange color when it had a volume 
of 136 c. c. When viewed in a 25 m. m. cell this solution showed 
three absorption bands. (See Table 3.) 
TABLE 3. ABSORPTION BANDS OF BUTTERFAT PIGMENTS. 
Petroleum ether soluble pigment Alcohol soluble 
In CS2 solution pigment in 
CS2 solution 
Crude Free from 
Cholesterol 
Band I 222-240 224-242 229-247 
Band II 257-276 260-277 269-288 
Band III 299-319 301-316 309-328 
The striking results of this experiment were the remarkable 
similarity of the solubility and spectroscopic properties of the main 
butter fat pigment to carotin, and the indications · of a secondary minor 
constituent of the butter fat pigment, whose solubility and spectro-
scopic properties were strikingly similar to xanthophyll. 
It at once became evident that should these observations be con-
firmed, it would be not only profitable, but essential to ascertain 
whether the presence of secondary xanthophyll-like pigments is nor-
mal to butter fat under other conditions of coloration, such as in 
light colored butter fat, colostrum butter fat and other conditions. 
That the presence of a secondary pigment in the fat under inves-
tigation was confirmed and its character more clearly identified is 
shown by the following experiment. 
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Experiment 2 . 
Fifteen grams of the fat was treated as in Experiment I. In ad-
dition the carbon bisulphide solution of the unsaponifiable ether extract 
was filtered through a column of CaC03 in a manner identical with the 
chromatographic experiment with alfalfa hay. As far as could be de-
tected with the eye all the pigment passed quite rapidly through as an 
unadsorbed rose colored zone, which spread out considerably in its 
passage through the column but showed no differentiation into zones. 
The absorption bands of the filtered pigment were identical with the 
bands of carotin. 
After the carbon bisulphide had washed out all the pigment and 
was passing through colorless, a stream of petroleum ether contain-
ing ten per cent alcohol was run through the column. As it passed 
through it gathered a zone of yellow color, leaving the column pure 
white. This pigment was collected at the mouth of the tube, its solu-
tion evaporated, and the residue dissolved in carbon bisulphide. The 
light-orange colored solution showed two strong absorption bands and 
a third fainter one. 
The carbon bisulphide solution of the main pigment was now evap-
orated to dryness and the residue dissolved in ninety-five per cent 
alcohol. The alcohol \vas diluted with water to an eighty to ninety per 
cent solution and extracted with petroleum ether (b. p. 30-50° C). The 
bulk of the pigment went into the petroleum ·ether and a second 
extraction with fresh petroleum ether took out still more pigment. A 
·third extraction with fresh petroleum ether, however, left the alcohol 
layer considerably more colored than the petroleum ether layer. The 
alcohol layer was now evaporated and the residue dissolved in 
carbon bisulphide, giving an orange yellow solution which showed 
three strong absorption bands. · There seemed to be three or four 
times as much of this pigment as of the xanthophyll which had been 
adsorbed by the CaC03 in the chromotogramm, and together they 
probably amounted to ten per cent of the total pigment. 
All the xanthophyll pigments were now combined (they were 
all in carbon bisulphide solution) and the resulting solution analyzed by 
means of a chrornotogramm. As the orange-yellow solution was washed 
through the column by a stream or carbon bisulphide it took on 
the appearance as shown in Figure III. Zones two and three were 
collected together, and showed three absorption bands. (See Table 4.) 
Their solution was evaporated and the residue dissolved in petroleum 
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ether. Only a part of the residue would dissolve readily, and the 
remainder only on addition of a little absolute alcohol. Eighty per cent 
alcohol extracted a large part of the color from the alcoholic petroleum 
ether solution. The portion which remained in the petroleum ether was 
transferred to carbon bisulphide in which it showed three absorption 
bands. (See Table 4.) The portion extracted by the eighty per 
--+--- Colorless. 
·~ {Zone I: flfii! -- Yellow. 
--i--- Colorless. 
Orange, 
shading \
Zone II: 
--- from light 
to dark. 
Deep - {Zone III: 
Orange. 
Colorless. 
cent alcohol was also transferred to car-
bon bisulphide. The latter solution showed 
three absorption bands but the third was 
faint and was not measured. (See Ta-
ble 4.) 
Alcoholic solutions of both portions 
of pigment showed no color change on 
the addition of a little concentrated HCI. 
There was also no effect on the absorp-
tion bands. 
Zone r of the chromotogramm was of 
a pure yellow color. rt was completely 
adsorbed by the CaC03 with respect to 
CS2 and was evidently the same pigment 
which had been adsorbed in the first chro-
motogramm of the combined carotin and 
xanthophyll-like pigments. A stream of 
alcoholic petroleum ether readily washed 
it out of the column as it did in the first 
chromotogramm. In carbon bisulphide so-
lution the pigment had a light orange 
color, and showed two brilliant absorp-
tion bands and a third fainter one. (See 
Cotton Plug. Table 4.) 
FIGURE III. The pigment showed the three bands 
in alcoholic solution as w.ell as in car-
bon bisulphide. When in alcohol, it gave 
no color reaction with a little concentrated 
HCl, and there was also no immediate effect upon either the intensity 
or position of the absorption bands. In the solid state this pigment 
gave a transient greenish-blue color with concentrated H 2SO 4 • 
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For the sake of comparison with the carotin bands of the alfalfa 
hay, the alcoholic solution of the main butter fat pigment was exam-
ined in the spectroscope. The results are given in Table 5. 
TABLE 4. ABSORPTION BANDS OF BUTTER FAT XANTHOPHYLLS SHOWN IN 
FIGURE III. 
Zone I. Zones II & III Zones II & III 
CS2 solution C2H60H solution 
(P. ether sol. (Alcohol 
Part) sol. Part) 
In CS2 In CS2 
Band I 232-249 263-280 230-249 231-250 
Band II 271-288 306-325 268-289 272-240 
Band III . 313-330 355-... 312-330 Not measured 
TABLE 5. COMPARISON OF BANDS OF CAROTIN OF ALFALFA AND B UTTERFAT. 
(C2H3QH SOLUTION). 
Band I 
Band II 
Band III 
Alfalfa Carotin 
256-275 
300-320 
345-•.. 
Butterfat Carotin 
256-274 
298-312 
345-... 
The result of this experiment was not only to confirm the re-
markable similarity of the main butter fat pigment of this partic-
ular fat to the carotin of alfalfa hay, but also to confirm the presence 
of a secondary constituent practically identical with the xanthophylls. 
In addition it was found that these xanthophylls, like the xanthophylls 
of alfalfa hay, could be chromotographically separated into three 
constituents. The two main constituents seemed to be closely related 
to carotin in adsorption properties so that their presence could not 
be detected in the presence of a large amount of carotin until first 
separated from the main pigment with the aid of their relatively 
greater solubility in alcohol with respect to petrol·eum ether. The 
third constituent of the secondary group was more nearly related 
to a true xanthophyll in all its properties, including its adsorption by 
CaC08 • When classified with respect to the action of their alcoholic so-
lutions toward a little concentrated HCI all the xanthophyll pigments 
apparently belong to the group which Tswett calls cc xanthophylls. 
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STANDARDIZATION OF ABSORPTION BANDS OF CAROTIN AND 
XA.NTHOPHYLLS. 
Before proceeding further it may be well to make a few state-
ments in regard to the spectroscopic properties of the various pig-
ments which hav·e been under consideration and which are still to 
be considered. It will be obvious that measurements of absorption 
bands could not be made in this work with the accuracy attained 
by Willstiitter and his collaborators who used solutions of standard 
strength and a spectroscope of great exactness. Small differences 
in measurement among xanthophylls or between carotins should ac-
cordingly be disregarded. It was merely attempted in ev·ery case 
to secure solutions of such concentration that the bands were of as 
nearly the same intensity as could be detected with the eye before 
making measurements. It was not always possible to use the same 
thickness of cell to secure the required intensity of the bands, small 
amounts of pigment naturally requiring a greater depth of solution 
than large amounts. 
In order to have standard spectroscopic properties for future 
comparison, carotin and xanthophylls were extracted from the car-
rot, and a careful study made of the spectroscopic properties of each 
pigment. 
A grated carrot was boiled in water for about two hours, the 
water squeezed out of the pulp and the pulp dried on the steam 
bath. It was pulverized and extracted with ether in a Soxhlet extrac-
tor until colorless. The ether was evaporated into ninety-five per 
cent alcohol at a low temperature. The resulting solution was diluted 
with a little water to eighty per cent and the pigment carefully 
separated between petroleum ether (b. p. 30-50° C) and the eighty 
per ce:qt alcohol. Both portions of the pigment were carefully trans-
ferred to pure carbon bisulphide and the solutions adjusted for the 
IO m. m. cell until all bands were distinct and as nearly as possible 
of equal intensity. With the spectrometer set at the sodium line stand-
ard the positions of the absorption bands were standardized. The 
color of the solutions was measured also, by means of the Lovibond 
tintometer. ,(See Figure V.) 
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This data is given in Table 6. 
TABLE 6. SPECTROSCOPIC STANDARD OF CAROTIN AND XANTHOPHYLLIS. (FROM 
. THE CARROT.) 
Color Absorption Bands 
Pigment Layer 
i 
Yellow I Red Light Band I Band II Band III 
In C~ I 
Carotin 10 m.m 26.0 , 5. 5 1. 0 225-242 261-278 301-319 
Xanthophyll 10 m.m 17.0 4.4 0.5 233-253 272-291 312-330 
--
In C2H~OH 
Carotin 10 m.m . . .. ... . .. 257-27 5 303-318 345-364 
Xanthophyll 10 m.m . . .. . . .. ... 263-280 305-325 355-. . . 
It will be noticed that the relative position of the bands of car-
otin and xanthophylls is more characteristic in carbon bisulphide 
than in alcohol. On this account, nearly all subsequent spectro-
scopic studies were made in carbon bisulphide solution. 
It will be noticed that both pigments showed three bands. The 
difference in the color of the carbon bisulphide solutions of the 
. carotin and xanthophyll pigments when showing bands of equal inten-
sity is also especially noteworthy. To the eye, the carotin solutions 
are a deep red orange while the xanthophyll solutions are a much 
purer orange color. It is worthy of mention that this characteristic 
difference was so noticeable throughout all this study, that in all 
cases the color of the carbon bisulphide solution of unknown pig-
ments was recorded in connection with the measuring of the absorp-
tion bands. 
CHARACTER OF THE PIGMENTS IN DIFFERENT BUTTER FATS. 
It was stated previous to the confirmation of the presence of 
secondary xanthophyll-like pigments in the particular butter fat 
studied, that if the presence of these pigments could be confirmed 
it would necessary to establish such a fact as either characteristic 
of all butter fat or as incidental only to the particular fat studied. 
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A wide variety of fats of different color, from different breeds of 
cows and produced under widely different conditions of feeding, etc., 
were available for this study. The technique of these experiments 
was identical with that used for the high colored fat from the 
Jersey cow on grass recorded in Experiments r and 2 above. 
The Pigments of Light Colored Fats.-The character of the pigment 
in three light colored fats was tested. The fats represent three 
subsequent periods in a feeding experiment of a pure bred Ayrshire 
cow in which the color was practically eliminated from the butter 
fat. (See Table r3 of feeding experiments for record of this experi-
ment.) The color of the fat and the character of the pigments 
are shown in the following Table 7. 
Color of Fat 
Yellow Red 
6.0 1. 0 
2.5 0. 7 
1.4 0.5 
TABLE No. 7. 
Character of Pigments. 
Petroleum ether quant. extracted cholesterol-free pig-
ment from 80 per cent alcohol. 
Solubility test showed carotin and xanthophylls. 
Chromotogramm of xanthophylls showed adsorbed yellow constituent and unadsorbed orange zone. 
Pigment from 240 gm. fat had color of 35 yellow, 1. 0 
red. Solubility test showed both carotin and xan-
thophylls, as did also absorption bands. 
The Pigments of Butter Fat After Carrot Feeding.-The fat tested 
was taken during a carrot feeding experiment with the same cow 
used in the above experiments. This feeding experiment directly 
followed the third period of very light colored fat. The color of the 
fat was 28 yellow and r.4 red. Solubility tests on the pigment 
showed carotin and a very small amount of xanthophyll. The petro-
leum ether soluble part of the pigment gave a cs~ chromotogramm 
of a single unadsorbed ros_e colored zone. The filtered pigment 
showed three well defined absorption bands. I, 225-245; II, 263-
283; III, 301-320. 
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The Pigments of the Fat from Colostrum Milk:.-It is a well known 
fact that the first milk drawn after parturition always has a high 
yellow color. It is not generally known, however, that this high 
color is usually due 1 entirely to the suspended fat globules. We have 
many times observed, not only in connection with this study but 
also in connection with numerous studies dealing with the chemical 
composition of milk, that when the fat is entirely removed from 
colostrum milk the skim milk has the appearance of ordinary skim 
milk, and the butter and the rendered fat have a depth of color 
which is nev·er equaled at any subsequent stage of the lactation period. 
This characteristic of colostrum milk is common to all breeds of cows, 
and the high color of the fat continues in cows of all breeds for a 
short time after parturition and then gradually falls off. Table 8 gives 
the color of the milk fat of several cows shortly after parturition and 
again a week or hvo later. The color readings are the Lovibond tin-
tometer readings of a one-inch layer of melted, rendered fat. 
TABLE No. 8. COLOR OF THE FAT OF COLOSTRUM MILK. 
Days after 
Cow No. Breed Roughage Parturi-
fed. tion. Yellow 
I 
301 Ayrshire Alfalfa(a) 4 78.0 
301 Ayrshire Alfalfa 26 71. 0 
300 Ayrshire Alfalfa 4 71. 0 
300 Ayrshire Alfalfa 20 68.0 
2 Jersey Alfalfa 13 68.0 
2 Jersey Alfalfa 22 57.0 
2 Jersey Alfalfa 2 54.0 
2b Jersey Alfalfa 20 50.0 
20 Jersey Alfalfa 2 47.0 
20 Jersey Alfalfa 25 47.0 
206 Holstein Alfalfa 1 50.0 
206 Holstein Alfalfa 5 54.0 
(a) The Alfalfa hay was rich in carotin and xanthophylls. 
(b) Second sample taken after next parturition. 
Color 
Red 
3.5 
1. 5 
3.5 
2.8 
2.6 
2.5 
4.3 
2.5 
4.8 
2.0 
4.7 
2.0 
Light 
1. 0 
0.5 
1. 0 
1. 0 
0.5 
0.5 
1. 0 
1. 0 
1. 0 
0.5 
0.3 
0.2 
This phenomenon at once offered the interesting problem of 
the relation of the colostrum pigment to the pigment of normal 
butter. A close study was accordingly made of the pigment of the 
fat from the first milk drawn after parturition. The cow selected 
1. Colostrum milk is occasionally contaminated with blood. 
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for study was a pure bred Holstein. The fat tested had a very high 
color; a one inch layer gave a reading of 64 yellow, 5.0 red and 
r.o light in the Lovibond tintometer. 
The unsaponifiable pigment and impurities from fifteen grams 
of the fat had a golden yellow color in ether and in carbon bisulphide 
a blood red color. This solution was analysed chromotographically. 
The entire pigment passed through unadsorbed as a red orange or 
rose colored zone, leaving no adsorbed zones and no pigm·ent behind 
in the CaC03 which could be washed out with ten per cent alcoholic 
petroleum ether. The filtered solution showed two strong absorption 
bands and a third faint one. (See Table 9.) 
The pigment was now analyzed according to its proportionate 
solubility in petroleum ether (b. p. 30-50° C) and eighty per cent 
alcohol, and was thus divided into two portions, a major portion ex-
tracted by the petroleum ether and a very minor portion which the pe-
troleum ether would not extract from the eighty per cent alcohol. 
The carotin-like pigment thus obtained was freed from choles-
terol by the digitonin method and its bands again measured in carbon 
bisulphide solution. (See Table 9.) 
The residue from this solution gave a beautiful transient blue 
color with concentrated H 2S04 and a very transient blue-green color 
with concentrated HN03 • 
The eighty per cent alcohol soluble pigment showed three absorp-
tion bands in carbon bisulphide solution, the first two being a little 
more intense than the third. (See Tab1e 9.) While in this solution 
the pigment was analyzed by means of a chromotogramm and showed 
two zones, a primary little adsorbed zone of orange color, and a sec-
ondary more adsorbed zone of yellow color. Hydrochloric acid gave 
no color reaction with the alcoholic solution of the pigment of either 
zone. 
TABLE 9. ABSORPTION BANDS OF PIGMENTS OF COLOSTRUM MILK FAT. 
Combined Pigment Carotin 
Xanthophylls 
(CS2 Solution) (CS2 Solution) 
(CS2 Sol.) (C2HsOH Sol.) 
Band I 223-240 224-242 232-249 264-281 Band II 260-278 259-278 272-291 306-326 Band III 300-320 302-319 312-330 356-. . . 
Crystalline Form of Carotin From Butter Fat.-The great concen-
tration of pigment in the fat from colostrum milk seemed to offer 
an excellent opportunity to at least attempt the isolation of the pig-
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ment in crystalline form. The pigment was isolated in the usual 
way from forty grams of very high coloried colostrum fat from a 
Jersey cow. Great care was taken during the isolation to avoid 
aldehyde resin pigments. This was successful. The ether solution 
of the unsaponifiable substances was evaporated at 35° C. and the 
residue dissolved at once in carbon bisulphide. This solution, which 
had a blood red color, was concentrated to 2 c. cm. volume at a low 
temperature and an excess. of cold absolute alcohol added. There 
was no immediate crystallization, but after standing several days 
there were deposited a number of yellow crystals. These were at 
first thought to be crystals of the pigment, for similar crystals were 
obtained in the same manner from the corpus luteum pigment. The 
crystals were perfectly formed double pyramidal forms, but proved 
to be crystals of sulphur which evidently arose from the carbon bisul-
phide used. A further attempt at crystallization of the pigment was 
abandoned. It undoubtedly would .prove successful if sufficient pu:re 
material could be obtained. 
THE RELATION BETWEEN THE COLOR OF THE MILK FAT 
AND THE FOOD OF THE COW. 
General observation for no doubt hundreds of years, at least, 
ever since butter has become of importance in the diet of man, has 
shown that green feeds of all kinds, especially fresh green grass 
greatly increase the color of butter fat. Other feeds, such as car-
rots, beets and yellow corn have been said to have the same effect. 
It has never been the sub}ect of a scientific investigation however, 
to show just what relation exists between the food of the cow and 
the color of the milk fat. \i\Tith a chemical relation established be-
tween the milk fat pigments and carotin and xanthophylls, the rela-
tion of the color of the milk fat to the food seems to be readily 
explained on the ground that the foods that have been observed to 
cause the highest color·ed butter, namely, green foods, carrots, etc. 
are those which are especially rich in carotin and xanthophylls, par-
ticularly carotin, as in the case of the carrots. Indeed we can go 
still further and definitely state that these pigments must be abund-
antly present in the food before the milk fat will show a high color, 
as will be demonstrated by the experiments which are about to be 
reported. 
Character of the Yellow Pigments of the Common Cattle Feeds.-
The chemical study of the yellow pigment of milk fat, shows that 
its principal constituent belongs to the hydrocarbon or carotin group 
of pigments, although it also contains xanthophylls as a very minor 
secondary constituent. It accordingly became necessary to study the 
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nature of the pigments of various common cattle foods before con-
ducting any feeding experiments to prove that ther·e is a direct rela-
tion between the presence of carotin in the butter fat and the presence 
of carotin in the food. It was at first merely sought to show the 
presence or absence of unsaponifiable yellow pigments in various 
foods, by extracting them with hot alcohol, saponifying the extract 
with potassium hydroxide and extracting the pigment from the soap 
with ether. From this standpoint, it was found that among the 
grains and concentrates, wheat bran, linseed meal, dried brewer's grains 
and cottonseed meal aII showed the presence of small amounts of un-
saponifiable ydlow pigments, while white corn was found to be the only 
common grain absolutely free from such pigments. Yellow corn was 
of course found to be rich in unsaponifiable yellow pigments. Some 
roughages such as corn silage and cottonseed hulls were found to 
contain small amounts of unsaponifiable pigments, while wheat straw 
and oat straw were practically free from them. The hays were 
found to be the most variable of all feeds. All green hays,1 such 
as alfalfa, first-class clover and the very best timothy were found 
to contain considerable amounts of unsaponifiable yellow pigments, 
the amounts varying with the greenness of the hay. Bleached hays, 
whether timothy, clover, or alfalfa were more or less free from un-
saponifiable yeIIow pigments. 
Some feeds were investigated more particularly with a purpose 
of showing the character of the unsaponifiable yellow pigments. With-
out reporting the experimental details in all cases, but merely stat-
ing that the methods of analysis were spectroscopic, chromotographic, 
and solubility methods, the following results were obtained. 
Cotton Seed Meal and Cotton Seed Hulls.-It was found that the 
unsaponifiable yellow pigments of cottonseed meal and cottonseed' 
hulls were due entirely to the oil they contain; and further that this 
oil which is known to be characterized by its yeIIow color contains 
equal proportions of carotin and xanthophyll. The carotin is the 
usual one met in other places, while the xanthophyll is made up of 
at least five different constituents according to their adsorption prop-
erties. The chief xanthophy!I is not adsorbed to any extent by CaC03 
from its carbon bisulphide solution, and in this solvent shows absorption 
bands of characteristic position, shifted considerably toward the blue 
from the normal xanthophy!I bands. In CS2 the bands measured: 
I, 238-260; II, 285-303; III, 355-. The remainder of the xanthophy!Is 
were so firmly held by the CaC03 that they could not be readily 
1. By green hay is meant hay that has been cured under such conditions that it still retains a large part of the green color which characterizes its uncut 
condition. The green alfalfa hay referred to throughout this paper was west-
ern cured alfalfa which had a remarkably bright green color. 
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washed out with a stream of carbon bisulphide. They were all 
washed out however, by a one per cent alcoholic petroleum ether 
solution. 
Bleached Alfalfa Hay.-This hay was quite free from green 
stalks and as it had been found palatable to the cows it was of special 
inteirest as an experimental roughage for non-pigmented feeding 
studies. A selected sample of the hay was ground up fine, and 
extracted with ten per cent alcoholic petroleum ether. The light 
gr~en colored extract showed no indication of either carotin or 
xanthophyll when analyzed by means of the chromotogramm, and no 
yellow pigment was extracted from its alcoholic solution by petro-
leum ether or by carbon bisulphide. 
Yellow Corn.-The unsaponifiable yellow pigment of yellow corn 
is in all probability in the oil. rt was found to be composed of two 
constituents, the largest part of which is a xanthophyll-like pigment, 
showing absorption bands in alcoholic and carbon bisulphide solu-
tions lying close to the normal xanthophyll bands. In CS2 the bands 
measured: I, 229-251; II, 274-291; III, not measured. It was not 
adsorbed from either petroleum ether or carbon bisulphide by CaC03 
but passed through as a yellow or orange zone. Its carbon bisulphide 
solutions were orange colored. Petroleum ether readily extracted 
the pigment from its concentrated eighty per cent alcoholic solu-
tion, but it could be completely re~extracted from its petroleum ether 
solution by fresh eighty per cent alcohol. In this respect it differed 
from any xanthophyll-like pigment yet investigated. The pigment 
was more soluble in carbon bisulphide than in eighty per cent alcohol 
and in this respect favored carotin. On warming its alcoholic solu-
tion containing a little concentrated hydrochloric acid, the color of 
the solution changed to a light greenish blue, with the fading of 
the absorption bands. The minor constituent of the corn pigment 
had the spectroscopic, solubility and adsorption properties of carotin. 
The CalTot.-It was planned to conduct some feeding experiments 
with carrots, and a special study of its relative proportion of carotin and 
xanthophyll was accordingly considered advisable. A large well-
colored carrot was scraped, chopped fine, and boiled in water for 
one hour. The softened tissue was poured onto cheesecloth and 
the water squeezed out of the pulp. The pulp was pressed through 
a wire gauze, dried and powdered. The meal was extracted with 
carbon bisulphide and a portion of the blood red solution analyzed 
by means of a chromotogramm. By far the greatest part of the pig-
ment passed through unadsorbed as a rose colored zone, leaving a 
small amount of adsorbed pigment in the column which was not 
differentiated into zones but which was readily washed out with alco-
CAROTIN, THE PRINCIPAL YELLOW PIGMENT OF MILK FAT 363 
holic petroleum ether. The proportion of xanthophyll to the entire pig-
ment in this test was very small, not over 'three or four per cent. 
The rose colored carotin solution showed three beautiful ab-
sorption bands, all of equal intensity. The measurements of the 
bands were completely in accord with the standards given in Table 6. 
The remainder of the carbon bisulphide extract of the dried car-
rot meal was evaporated into alcohol. The alcohol was diluted with 
water to an eighty per cent solution and extracted with petroleum 
ether (b. p. 30°-50° C) until no more color was extracted. The alco-
holic solution of the xanthophylls which remained was combined with 
the solution of the xanthophylls washed out of the chromotogramm 
with alcoholic petroleum ether. The combined solutions were evapor-
ated to dryness and the r,esidue dissolved in a small amount of carbon 
--t-- Colorless. 
Zonel: Yellow. 
--1-- Colorless. 
bisulphide. This solution showed three 
absorption bands and end absorption. The 
measurements were the same as given in 
Table No. 6. 
This carbon bisulphide solution was 
orange colored when concentrated and 
gave the chromotogramm shown in fig-
ure IV. There was a small amount of car-
otin pigment present which being unad-
sorbed was readily washed out and caught 
at the lower end of the tube. Zone VIII ti~~~-- Zone II: Orange. was also only slightly adsorbed and was 
--+-+ Colorless. washed out by a stream of carbon bisul-
--~---zone III: orange. phide. When this zone was washed out 
--+-- Colorles~. the suction was stopped. The CaC03 ~~~~- { i~n:!~i>range. tinted zones were then removed separately 
--+.....+ Colorless. from the column with the aid of a knife; f?JilmWJJ-- { i:n~:.'orange. the CS2 was drawn off in each case at a 
Colorless. low temperature; and the pigment washed Jmmlllllllllmm!--Zone VI: Green. 
---+--- Colorless. out with ninety-five per cent alcohol. 2'111R( { Zone VII: Zone II was found to contain the llll -- Red-Orange. 
most pigment, judged from the color of 
{ Zone VIII: YV\,.,.-- Faint Red 
Orange. 
Cotton Plug. 
FIGURE IV. 
its alcoholic solution, with the lower zones 
about the same with the exception of Zone 
V which had very little pigment. Zone. 
I contained considerably more pigment 
than was indicated by the color of its 
zone in the chromotogramm. The spec-
troscopic properties of all the xanthophyll 
constituents were studied with respect to 
the normal xanthophyll bands. The results 
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are shown in Table IO. The observations were not made by observing 
all the pigments in the same volume but the volumes were adjusted 
in each case to give the best possible bands. 
It will be notioed that with the exception of Zone I, all the xan-
thophylls showed the three normal xanthophyll bands to some degree of 
intensity. Similarly hydrochloric acid had no effect on any of these so-
lutions or on the bands. Nitric acid had the same effect on the pigments 
of Zones II, VII, and VIII causing the solutions to fade with the disap-
pearance of the bands. The effect of nitric acid on the pigments of 
Zones III and IV was somewhat different. In these two cases a fourth 
well-developed band appeared before the solution lost its color and 
the three normal bands faded. The pigment of Zone I was entirely 
different from any of the others. The normal first band of the 
xanthophylls was entirely missing and the alcoholic solution turned 
a distinct bluish green on the addition of a little concentrated hy-
drochloric acid. This color persisted for 24 hours, long after the 
absorption bands had disappeared. This was evidently the xanthophyll 
B of Tswett and the xanthophyll B of C. A. Schunck. 
TABLE No. 10. SPECTROSCOPIC PROPERTIES OF THE XANTHOPHYLLS OF THE 
CARROT. 
Zone Band I Band II Band III End Absorption 
-
I Missing Good Good Very faint 
II Fair Fair Fair None 
III Very strong Very strong Weak None 
IV Strong Very strong Faint None 
v Very faint Good Good None 
VII Very strong Very strong Very faint None 
VIII Good Good Very faint Very faint 
THE FEEDING EX:PERIMENTS. 
The foregoing studies indicated that the foods best adapted 
for non-pigmented rations were bleached hays and cottonseed hulls 
for roughages and white corn and cottonseed meal for grains. To 
study the variation in the color of butter fat, the ration of various 
cows was changed to one containing the smallest possiMe amounts 
of carotin and xanthophylls, and the butter fat studied colorimetrically 
during this time. The procedure for the butter fat was in each case 
as follows : The milk of one or two milkings was separated by means 
of a centrifugal hand separator and the cream churned by hand in 
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quart bottles. The butter thus obtained was rendered at a tempera-
ture of 50° to 6o° C. and the rendered fat filtered. The pure filtered 
fat was analyzed colorimetrically by means of the Lovibond tintometer 
and its standard color glasses. The color of the fat was always com-
pared in one-inch layer. The Lovibond tintometer is shown in Fig-
ure V. 
FIGURE V. 
The solution (in the present case melted butter fat) whose color 
is to be measured is placed in a cell with glass ends (one inch apart 
in all this work), and the color matched by standard color glasses 
of various units of yellow, red or blue, and the color of the solution 
read by adding together the various glasses of color used to match 
the unknown color. Melted butter fat having an orange tint requires 
only yellow and red to match its color. All readings are made with 
the instrument pointing towards the daylight (not sunlight). The 
instrument is quite sensitive towards the yeilow glasses below 25 units 
of yellow but the sensitiveness decreases considerably above 40 units 
of yellow. In other words, it is possible to match the exact color of 
an "unknown" much mor·e closely when its color is below 30 to 35 
units of yellow than when its color is above this value. In a great 
many cases, and this nearly always applies to butter fat, it is possible 
to match the tint of the fat but the color of the fat is more brilliant 
than that of the combined standard glasses. In this case an exact 
match can be obtained by ·"damping down" the butter fat color by 
inserting in front of it equal units of the three colors, yellow, red 
and blue, and recording this as "light." 
Before reporting the data dealing with the variation in the color 
of the butter fat it may be possible to convey some idea of what the 
various colors mean when applied to butter fat by stating that ren-
dered "June" butter in the one-inch cell will give a color of from 80 
to 60 units of yellow. Color readings between 45 and 25 units of 
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yellow would accordingly indicate a fairly well colored to light col-
ored butter, between 20 and 8 units of yellow would be called light 
to very light colored butter, while below these limits ranging down 
to I or 2 units of yellow would be called white to "dead" white, 
especially if the fat was still in the form of butter. 
Experiment I. 
The ration of Cow No. 57, a pure bred Jersey, was changed 
from a ration rich in carotin and xanthophylls to a ration containing 
a very small amount of these pigments. The ration rich in carotin 
and xanthophylls consisted of alfalfa hay and yellow com. The ration 
poor in these pigment5 was composed of bleached clover hay and 
white corn. The results of the experiment are shown in Table r I. 
The change from a ration rich in carotin and xanthophylls to 
one poor in these pigments caused the color of the butter fat to drop 
from 43 units of yellow to 8.5 units of yellow, from a well colored 
to a very light colored fat. This change of color was very gradual 
and required 29 days. It should be stated, however, that the cow 
did not relish her non-pigmented ration. She lost weight regularly, 
and her milk production fell off a great deal. I't was appar·ent that 
the animal was drawing heavily during this entire period from a 
storage of pigment in her body. It will be shown in the subsequent 
papers of this series that in this experiment the blood and also the 
body fat were supplying the pigments for the milk fat. 
It may be stated that a slow lowering of the color of the milk 
fat, such as took place in this experiment, would be normal for all 
Jersey cows whose ration is changed to an unpalatable, non-pigmented 
one like that used in this experiment. The explanation for this is 
found in the high color of the body fat of this breed of cows. We 
therefore have here a clear ·explanation of why Jersey cows will some-
times apparently give yellow milk fat during the winter months when 
their food is almost or entirely lacking in carotin and xanthophylls. 
Under these conditions if the body fat is called upon to supplement 
the digestion products of the food in the production of milk fat at 
the same time the blood serum storage of pigments is being drawn 
upon, it is clear that the reduction in color of the milk fat will be very 
gradual, as in the case of Cow No. 57, and a complete elimination of 
color may require a long period of time. 
Continuing the discussion of the experiment it is seen that when 
the color of the milk fat had dropped to 8.5 units of yellow the white 
corn in the ration was replaced by mixed corn, white and yellow 
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(mostly yellow). Later this was replaced by yellow corn entirely. 
The roughage remained the same, i. e. bleached clover hay. The 
table shows that yellow com had no effect whatever upon the color 
of the milk fat. There seemed to be a very slight effect at first but 
the color of the fat soon dropped back to 8.o units of yellow. 
TABLE No. 10. THE EFFECT OF A CAROTIN AND XANTHOPHYLL-FREE RATIO?' 
ON THE COLOR OF MILK FAT. JERSEY Cow No. 57. 
Pounds Color of butter fat. 
Date hay Pounds grain fed 
per per day 
Yellow Red Light day 
1912 Corn Mixture 
Mar. 1 15(a) 8 43.0 2.0 0.2 
2 15(b) 8 
3 15 4 white 4 
4 15 4 white 4 
5 15 4 white 4 
6 15 8 white 
7 15 8 white 33.0 2.0 0.2 
8 15 8 white 
9 15 8 white 29.0 1. 7 0.2 
10 15 8 white 
11 15 8 white 33.0 1. 8 0.2 
12 15 8 white 26.0 1. 6 0.2 
13 15 8 white 26.0 1. 7 0.2 
14 15 8 white 22.0 2.0 0.2 
15 15 8 white 22.0 2. 0 0. 2 
16 15 8 white 21. 0 1. 8 0.2 
17 15 8 white 
18 15 8 white 18. 0 1. 7 0.2 
19 15 8 white 19. 0 1. 6 0.2 
20 15 8 white 18.0 1. 6 0.2 
21 15 8 white 
22 15 8 white 12.0 1. 6 0. 2 
23 15 8 white 
24 7 10 white 
25 7 10 white 11. 0 1. 6 0.2 
26 7 10 white 11. 0 1. 6 0.2 
27 7 10 white 10.0 1. 5 0. 1 
28 7 10 white 10.0 1. 5 0. 1 
29 7 10 white 8.5 1. 8 0.2 
30 7 10 white 9.0 1. 7 0.2 
31 7 10 mixed 10.0 1. 8 0.2 
(a) Alfalfa. 
(b) Clover-Mar. 2 to Mar. 31. 
The 7 lbs. of clover hay was now replaced by IO lbs. of alfalfa 
hay rich in carotin and xanthophylls. The effect on the color of the 
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TABLE 11 (CONTINUED). EFFECT OF FEEDING YELLOW CORN TO A Cow Grv-
ING Low COLORED MILK FAT. JERSEY Cow No. 57. 
Pounds Pounds 
Date hay grain fed 
per per 
day day 
1912 Corn 
Apr. 1 7(a) 10 mixed 
2 7 10 mixed 
3 7 10 mixed 
4 7 10 mixed 
5 7 10 mixed 
6 7 10 mixed 
7 7 10 yellow 
8 7 10 yellow 
9 7 10 yellow 
10 7 10 yellow 
11 10(b) 10 yellow 
12 10 10 yellow 
13 10 10 yellow 
14 10 10 yellow 
15 10 10 yellow 
16 10 10 yellow 
17 10 10 yellow 
18 10 10 yellow 
19 10 10 yellow 
21 10 10 yellow 
22 10 10 yellow 
23 lO(c) 10 yellow 
24 10 10 yellow 
25 10 10 yellow 
27 10 10 yellow 
30 10 10 yellow 
May 2 10 10 yellow 
4 10 10 yellow 
5-lO(d) Pasture only 
(a) Clover-Apr. 1-10. 
(b) Alfalfa-Apr. 11-22. 
(c) Alfalfa and pasture-Apr. 23-May 10. 
(d) Sample taken May 10. 
Color of butter fa t 
Yellow Red Light 
8. 5 1. 7 0.2 
8.0 2. 1 0.2 
8.0 1. 9 0.2 
12.0 1. 5 0.2 
12.0 1. 7 0. 2 
11. 0 1. 8 0.2 
11. 0 1. 8 0.2 
8.0 1. 7 0.2 
9.0 1. 7 0.2 
10.0 1. 5 0.2 
12.0 1. 6 0. 2 
15.0 1. 6 0.2 
20. 0 1. 6 0.2 
33. 0 1. 7 0.2 
36. 0 1. 6 0.2 
38.0 1. 6 0.2 
43.0 1. 6 0.2 
45. 0 2. 0 0.5 
43.0 1. 8 0.5 
43.0 1. 7 0.5 
46.0 1. 7 0.5 
40.0 1. 8 0.5 
43 . 0 1. 8 0.5 
52. 0 2.0 0.5 
57. 0 2. 1 0.5 
64.0 2. 1 0.5 
64. 0 2. 2 0.5 
80.0 2.5 0.5 
milk fat was immediate. At the end of seven days the color had 
increased to 43 units of yellow, the maximum supplied by this rough-
age. Later the ration was supplemented by some fresh pasture grass. 
The color of the milk fat increased to 64 units of yellow. Still later 
the cow was turned out to pasture alone. The color then reached 
the maximum we have observed, i. e. 80 units of yellow. 
Experiment No. 2 . 
This experiment was conducted with Cow No. 301, a pure bred 
Ayrshire. A short time previous to the experiment here reported this 
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cow was in very poor flesh resulting from a feeding ·experiment in 
which she was heavily underfed. Her ration during her underfeeding 
was composed of alfalfa hay rich in carotin and xanthophylls and a 
grain mixture of corn, bran and linseed meal. At the end of the 
underfeeding experiment the ration was changed to bleached alfalfa 
hay, the pigmentation of which was reported above, and white corn 
and cottonseed meal. Enough of this ration was given to bring the 
cow back to normal feeding conditions. At the end of this time the 
experiment here reported was begun. The results are given in 
Table I2. 
At the end of ten days the color of the milk fat had dropped to 
9 units of yellow. When it was apparent after a week's further trial 
that the color had reached at least a temporary minimum value for 
this ration, the grain was changed to yellow corn entirely. This was 
finally increased to I2 lbs. per day. The result was very clearly in 
accord with that of Experiment No. r, showing that yellow corn is 
not a source of pigment for the milk fat of dairy cows. 
TABLE No. 12. EFFECT OF NON-PIGMENTED RATION AND A RATION CONTAIN-
ING YELLOW CORN UPON THE COLOR OF MILK FAT. AYR-
SHIRE Cow No. 301. 
Pounds Pounds Color of butter fat 
Date of alfalfa Pounds cotton-
sample hay corn seed 
meal Yellow Red 
1912 
October 3 16 6(a) 2 27.0 1. 7 
13 16 6 2 9.0 1. 7 
17 16 6 2 6.0 1. 5 
21 16 6 2 9. 0 1. 2 
24 16 8(b) 7. 5 1. 2 
25 16 8 9.0 1. 5 
26 16 8 10. 0 1. 5 
27 16 8 9.0 1. 5 
28 16 8 9.0 1. 5 
29 16 8 10.0 1. 5 
30 16 8 8. 5 1. 2 
31 16 8 10.0 1. 2 
November 1 16 12 9.5 1. 2 
2 16 12 10. 0 1. 2 
3 16 12 8. 5 1. 2 
4 16 12 8.0 1. 2 
-
(a) Oct. 3-21, white corn. 
(b) Oct. 24-Nov. 4, yellow corn. 
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Experiment No. 3. 
This feeding experiment was conducted with the same cow as 
the preceding experiment and immediately followed that experiment. 
It seemed very probable that the reason the color of the milk 
fat in Experiments I and 2 could not be lowered more than the uni-
form figure found in both experiments, i. e., about 8 units of yellow, 
was due to the fact that the ration was supplying a small amount of 
pigment and also to the fact that the normal storage, that in the 
blood serum, had not been exhausted. It seemed reasonable to sup-
pose, therefor,e, that if the first factor was eliminated at the outset, 
the second would necessarily also be eliminated if the experiment was 
continued for a sufficient length of time. The experiment here re-
ported was for the purpose of testing the validity of this supposition, 
and also for the purpose of ascertaining to how low a point the color 
of the milk fat could be reduced. The ration chosen was one which 
would supply the least amount of carotin and xanthophylls. It was 
composed of cottonseed meal and cottonseed hulls. The results of 
the experiment are given in Table r3. 
The supposition stated above was fully borne out by the long 
continued feeding of a practically non-pigmented ration. At the end 
of 52 days' feeding, the cow was producing absolutely colorless butter. 
It was only when the rendered butter was viewed in the tintometer 
that a very slight amount of color could be detected. This very 
slight amount of color was due to the fact that the normal storage 
of pigment in the body, that in the blood serum, had not been com-
pletely exhausted, as will be shown in a subsequent paper of this 
series. It is probable also that the body was being drawn upon for 
some of its pigments, for the animal suffered somewhat from under-
feeding on this ration. It is also possible that a very small amount 
of carotin was being supplied by the oil in the cottonseed meal and 
hulls. For practical purposes such a supply of pigment would of 
course be considered absolutely negative. 
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TABLE No. 13. EFFECT OF A LONG-CONTINUED FEEDING OF A NON-PIGMENTED 
RATION UPON THE COLOR OF MILK FAT. AYRSHIRE 
Cow No. 301. 
Pounds Pounds Pounds Pounds Color of butter fat 
Date of alfalfa cotton- cotton-
sample hay seed seed Corn 
hulls meal Yellow Red 
1912-13 
Nov. 5 6.5 12 9.0 1. 2 
6 4.5 0.5 0.5 10 8.0 1. 2 
7 8.0 1. 0 1. 0 8 9.0 1. 1 
8 8.0 2.0 2.0 7 8. 0 1. 0 
9 8.0 2.0 2.0 6 7.0 1. 0 
10 7.0 3. 0 3.0 6 6.5 1. 0 
11 6.0 3.0 3.0 5 6.0 1. 0 
12 6.0 4.0 4.0 4 5.5 0.9 
13 6.0 4.0 4.0 4 5.0 0.8 
14 3.0 5.0 5.0 2 5.0 0.8 
15 2.0 6.0 6.0 5. 0 0.9 
16 10.0 6.0 4.0 0. 7 
17 12.0 6.0 4.5 0.8 
18 12.0 7.0 4.0 0. 7 
19 12.0 7.0 3.5 0. 7 
20 12.0 8.0 3.5 0. 7 
21 13.0 8.0 3.5 0. 7 
22 14. 0 8.0 3. 5 o. 7 
23 14.0 8.0 3.2 0. 7 
24 16.0 8.0 3.1 0. 7 
25 16.0 8.0 3.0 0. 7 
26 16.0 8.0 2.6 0.5 
27 16.0 8.0 3.2 0. 7 
28 16.0 8.0 2.5 0. 7 
29 16.0 8.0 3.0 0. 7 
Jan. 2 16.0 8.0 1. 4 0.5 
7 16. 0 8.0 1. 3 0. 4 
It will be of interest to state in connection with this experiment 
that it furnished the three "light colored" fats for the studies of the 
proportion of carotin and xanthophyll which were reported above. 
Experiment 4. 
The color of the butter fat of Cow No. 30I was now so low that 
the conditions were considered ideal for one or two additional im-
portant investigations, first a confirmation of the apparently negative 
effect of feeding yellow corn which was obtained in Experiments I 
and 2, and second a study of carrot feeding. In the latter study the 
results would be especially interesting in view of the fact that the 
pigment fed would be almost pure carotin. The hay used in this 
experiment was a very light colored timothy hay which was not quite 
so free from carotin and xanthophylls as the bleached alfalfa of Expe-
riment 3, but which apparently had no effect on the color of the fat 
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as the data will show. The results of the two studies are given in 
Table I4. 
In regard to yellow corn feeding, it is seen that replacing 2 lbs. 
cottonseed meal and 4 lbs. white corn by 6 lbs. yellow corn had no 
influence upon the color of the milk fat. If yellow corn has any value 
as an aid in the production of yellow milk fat, it would certainly 
have been evident in this experiment where the milk fat was prac-
tically colorless before feeding the yellow corn. This experiment 
therefore gives conclusive proof of the negative value of yellow corn 
in the pigmentation of milk fat. The reason for this will be discussed 
more fully in the general discussion of the experiments. 
TABLE No. 14. EFFECT OF A RATION CONTAINING YELLOW CORN AND OF A 
RATION CONTAINING CARROTS UPON THE COLOR OF MILK FAT. 
AYRSHIRE Cow No. 301. 
Pounds Pounds Pounds Pounds Color of butter fat 
Date of rough- carrots cotton- corn 
age(a) seed meal 
sample Yellow Red 
1912 
Jan. 3 14 4 4 white 
21 12 4 4 white 
24 12 4 4 white 1. 2 0.4 
25 12 4 4 white 
28 12 2 6 yellow 
29 12 2 6 yellow 1.4 0.5 
30 12 2 6 yellow 1. 5 0.4 
31 12 2 6 yellow 1. 7 0.4 
Feb. 1 12 2 6 yellow 1. 7 0.4 
2 12 2 6 yellow 2.0 0. 5 
3 12 2 6 yellow 1. 8 0 . 5 
4 12 2 6 yellow 2.0 0. 5 
5 12 2 6 yellow 1. 8 0.3 
6 12 2 6 yellow 2. 0 0. 5 
7 12 6 4 4 white 2.2 0. 5 
8 12 20 4 4 white 2.2 0.5 
9 12 30 4 4 white 2.3 0.5 
10 12 40 4 4 white 3.2 0.6 
11 12 40 4 4 white 4. 5 0. 7 
12 12 50 4 4 white 5. 5 1. 0 
13 12 50 4 4 white 8. 0 1. 0 
14 12 50 4 4 white 11. 5 1. 0 
15 12 30 4 4 white 16. 0 1. 1 
16 12 30 4 4 white 15 . 0 1. 2 
17 12 20 4 4 white 18. 0 1. 3 
18 20 19 . 0 1. 1 
19 3 15. 0 1. 1 
20 5 10.0 1. 3 
21 3 10 1 1 white 8. 0 1. 2 
22 3 10 2 2 white 9. 0 1. 3 
(a) Roughage consisted of 2 parts bleached timothy hay and 1 part cotton-
seed hulls. 
CAROTIN, THE PRINCIPAL YELLOW PIGMENT OF MILK FAT 373 
TABLE No. 14. (CONTINUED) 
Pounds Pounds I Color of butter fat 
Date of rough- Pounds cotton- Pounds 
sample age(a ) carrots seed corn 
meal Yellow Red 
1913 
Feb. 23 12 20 4 4 white 11. 0 1. 3 
24 12 20 4 4 white 21. 0 1. 3 
25 12 20 4 4 white 28.8 1. 2 
26 12 20 4 4 white 36.0 1. 8 
27 12 20 4 4 white 27.0 1. 3 
28 12 20 4 4 white 24. 0 1. 3 
Mar. 1 12 20 4 4 white 24. 0 1. 3 
2 12 20 4 4 white 28. 0 1. 4 
3 12 20 4 4 white 26. 0 1. 4 
4 12 20 4 4 white 26.0 1. 3 
5 12 20 4 4 white 24.0 1. 4 
6 12 50 4 4 white 24.0 1. 3 
7 12 4 4 white 23 . 0 1. 3 
8 12 4 4 white 19.0 1. 2 
9 12 4 4 white 19.0 1. 2 
10 12 4 4 white 18.0 1. 6 
11 12 4 4 white 17.0 1. 1 
12 12 4 4 white 14.0 1. 1 
13 14 4 4 white 11. 0 1. 1 
14 14 4 4 white 12.0 1. 2 
15 14 4 4 white 12. 0 1. 2 
17 14 4 4 white 10.5 1. 2 
21 14 4 4 white 7. 5 1. 2 
24 
I 
12 4 4 white 7.0 1. 0 
30 . 12 4 4 white 7.5 1. 3 
(a) Rougha ge consisted of 2 parts timothy hay and 1 part cottonseed hulls. 
Note: During the period from 2:18 p. m. to 2:23 a. m. the cow was badly 
off feed and her entire ration was withdrawn for a few days. She soon re-
covered, however, and was put back on the experimental ration, not feeding so 
many carrots, however. 
In regard to the effect of feeding carrots, the data brings out 
several interesting points. The carrots were added to the ration on 
February 7, and the amount was rapidly increased to 50 lbs. per day. 
The cow ate them with a good deal of relish for about a week when 
she began to refuse part of them and finally went off feed entirely, 
making it necessary to withdraw her entire ration for a day or two. 
The effect of this carrot feeding period upon the color of the milk 
fat was to increase the color from I.8 to 19 units of yellow. This in-
crease was not nearly as great, however, as was expected considering 
the large amount of carrots that was fed and the length of time they 
had been in the ration, i. e. eleven days. 
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It is clear from a study of the subsequent data that this abnormal 
result was due to some physiological disturbance that finally resulted 
in the cow going entirely off feed. As soon as the carrots were re-
moved from the ration, the color of the fat dropped at once to 8 units 
of yellow. However, when the animal had recovered from her attack 
of indigestion, and the carrots were again added to the ration, the 
effect upon the color of the milk fat was perfectly normal. On the 
fourth day of feeding 20 lbs .. of carrots the color had reached a max-
imum of 36 units of yellow. The color later dropped a little with 
an increase in fat production which is not shown in the table, but 
remained in the neighborhood of 28 units of yellow until the carrots 
were removed. The color then began to drop slowly in the normal 
way. After dropping to 7 units of yellow on the twenty-third day 
after the carrots had been removed, the experiment was stopped. 
This experiment furnished the samples of butter fat whose pro-
portion of carotin and xanthophyll were studied and reported in an 
earlier part of this paper, namely the fat after carrot feeding. 
Experiment 5. 
This was a second carrot feeding experiment using another cow, 
i. e. Cow No. 221, a pure bred Holstein cow. The experiment was 
not as successful as was hoped because of the peculiar appetite of the 
cow. She refused to eat more than ten pounds of the carrots per day 
except on two days so the ·experiment was discontinued. The data 
are given in Table IS. Notwithstanding the peculiar appetite of the 
cow it is interesting to note that the feeding of only IO lbs. of carrots 
per day for 8 days was sufficient to bring the color of the milk fat 
almost back to the starting point, i. ·e. 26 units of yellow. 
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TABLE No. 15. EFFECT OF A NON-PIGMENTED RATION AND OF A RATION CON-
TAINING CARROTS UPON THE COLOR OF MILK FAT. 
HoLSTEIN Cow No. 221. 
Pounds Color of butter fat Date of Pounds Pounds cotton- Pounds 
sample hay(a ) carrots seed corn 
meal Yellow Red 
1912 Normal herd ration containing green 
Nov. 29 alfalfa hay. 26.0 1. s 
Dec. 9 16 4 4 8.0 1. 4 12 16 4 4 7.0 1. 3 14 16 4 4 6.0 1. 1 
17 16 10 4 4 6.0 1. 3 18 16 10 4 4 7.0 1. 5 19 16 10 4 4 9.0 1. 5 20 16 10 4 4 8.0 1. 5 21 16 10 4 4 8.0 1. 5 22 16 10 4 4 10.0 1. 5 23 16 10 4 4 17.0 1. 3 
24 16 30 4 4 17. 0 1. 2 (a. m.) 25 16 20 4 4 14.0 1. 5 (p. m.) 25 16 0 4 4 20.0 1. 5 (a. m.) 26 16 0 4 4 18.0 1. 5 {p. m.) 26 16 0 4 4 17.0 1. 5 27 16 0 4 4 18.0 1. 5 
28 16 0 4 4 12.0 1. 5 1913 
Jan. 3 16 0 4 4 7.5 1. 5 
22 Herd ration since 1-4-13 14.0 1. 2 
(a) The hay was a mixture of equal parts of light colored timothy and bleached alfalfa. 
Experiment No. 6 
This was a feeding experiment the results of which were ex-
pected to corroborate those of Experiment I, and show that the colori 
of the milk fat of Jersey cows is as much dependent on the food as 
those of other breeds. The variation in the feed and the resulting 
.color of the milk fat is shown in Table 16. A pure bred Jersey cow, 
No. 59, was used for this experiment. 
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TABLE No. 16. EFFECT OF A NaN-PIGMENTED RATION UPON THE COLOR OF 
MILK FAT. JERSEY Cow No. 59. 
Pounds Pounds Color of butter fat Date of grain Pounds Date of 
feeding mix- corn hay sample 
ture(a) silage Yellow Red 
. . 
1911 
March 11 
to 11. 6 0 14(b) April 2 46.0 1. 8 
April 2 
April 3 
to 11. 10 9(c) April 14 6.0 1. 5 
April 4 
April 15 
to 11. 10 8 April 23 4.0 1. 4 
April 23 
April 24 
to 11. 10 4 May 9 3.0 1. 5 
May 8 
May 10 
to 11 10 4 May 20 3.0 1. 5 
May 20 
Corn 
May 21 Stover 
to 11. 5 5 8(d) June 14 47.0 1. 8 
June 14 
June 15 
to 12. 5 8 June 29 26.0 2.0 
June 29 
(a) The grain mixture was 5 lbs. corn and 6 lbs. cottonseed meal. 
(b) Green alfalfa hay from March 11 to April 2. 
(c) Bleached timothy hay from April 3 to May 20. 
(d) Green alfalfa hay beginning May 21. 
I Light 
0.5 
0.2 
0.2 
0.2 
I 0.2 
0.5 
0.2 
The results of this experiment show conclusively that Jersey 
cows are as much dependent upon their food for the pigments of the 
milk fat as other breeds of cows. In addition the experiment offers 
excellent proof of some statements previously made in explanation 
of the gradual lowering of the color of the milk fat of Cow No. 57 
in Experiment No. I. It was stated there that the yellow body fat 
was supplementing the normal storage of pigment on account of the 
unpalatableness of the ration. In the present experiment we have an 
example of the effect of changing the ration to a non-pigmented one 
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without causing the animal to draw upon any storage of pigment 
other than the normal one of the blood serum. The result was that 
the color of the milk fat dropped from 46 units of yellow to 6 units 
of yellow in twelve days, whereas in Experiment I it required thirty 
days to bring about a similar change of color. The very low color 
of the fat which was reached in Experiment 6 also indicates that 
only the normal storage was being drawn upon. Experiment 6 also 
shows that corn silage . is not a source of pigment for the milk fat. 
The chemical changes which take place in this roughage evidently also 
largely destroy the carotin and xanthophylls. The chemical studies of 
the pigments of corn silage, which were reported above, showed this to 
be the case. 
RELATION BETWEEN COLOR OF MILK FAT AND BREED OF COW. 
The foregoing experiments have shown conclusively that dairy 
cows, exclusive of breed, are dependent on the carotin and xanthophylls 
in their feed for the pigment of their milk fat, in other words, that 
they cannot produce the pigment which is thus secreted. The ques-
tion is at once raised as to wherein lies the so-called breed character-
istic which is so much emphasized by the breeders of Guernsey and 
Jersey cattle? It will not be denied that a breed characteristic does 
exist in connection with the color of butter fat. We believe, how-
ever, that the data now to be presented will show that this breed 
characteristic has been overemphasized. 
Since the butter fat is dependent upon the food of the cow for 
its color, it was necessary to compare the color of the butter fat 
of the different breeds under comparative feeding conditions, in order 
to obtain a correct estimate of the breed relation. 
It would naturally be expected that the most favorable condition 
for studying the accuracy of the views held by the cattle breeders and 
others that some breeds of cows, such as the Jersey and Guernsey, 
are color producers while other breeds, such as the Holstein, ar·e not 
color producers would be a comparison of the color of the combined 
fat of several cows of each breed. Table 17, which follows, gives 
such a comparison taken from animals in one herd. T he milk and 
fat production of the various cows varied widely. The comparison 
was made during the winter months, the only source of pigment being 
a more or less variable quantity of green alfalfa hay in the ration, 
which was, however, the same for all the animals. 
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TABLE No. 17. RELATION OF BREED TO COLOR OF MILK FAT. 
Breed 
Jersey ................................ . 
Ayrshire ............ .. ........ . ....... . 
Shorthorn . .. . ...... .. .... . ............ . 
Holstein .... .. .... ... ........... ... ... . 
Color of butter fat 
Yellow 
50. 0 
38.0 
34.0 
31. 0 
Red 
2. 1 
1. 7 
1. 6 
1. 7 
Light 
0.2 
0.2 
0.2 
0.2 
The most striking fact brought out by this table is that the ques-
tion of the color of the fat produced by the four breeds represented 
is not one of presence or abs·ence of color, but rather a question of 
relative color. The fat from the Jersey cows was unquestionably the 
highest colored of the four samples but the fat from the Holsteins 
also had a very good color, although the butter would probably have 
been scored as "slightly low in color." 
This point of relative color production is also clearly shown 
when comparing the fat produced by individual members of the breeds. 
Table I8 shows the color of the fat from two Jerseys and one Hol-
stein cow under feeding conditions most favorable for the maximum 
color. These animals were producing about the same amount of but-
ter fat, and the roughage of their ration consisted for the most part 
of freshly-cut soybeans, very rich in carotin and xanthophylls. 
TABLE No. 18. SHOWING RELATIVE COLOR PRODUCTION BY DIFFERENT IN-
DIVIDUALS. 
Color 
Cow No. Breed Feed 
Yellow Red Light 
59 Jersey Fresh green soybeans 
and grain 54.0 2.5 1. 0 
34 Jersey Ditto 60.0 2.5 1. 0 
208 Holstein Ditto 29.0 1. 8 0.5 
When comparing the color of the fat produced by individual 
members of the Jersey and Holstein breeds under feeding conditions 
favorable for only a moderate amount of color in the fat, the relative 
color proG.uction of the breeds very nearly approaches unity. This is 
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especially true when the fat production and the actual proportion of 
the ration furnishing the pigments are taken into account. Such a 
comparison is shown in Table 19. 
TABLE No. 19. RELATIVE COLOR PRODUCTION UNDER SPECIAL FEEDING 
CONDITIONS. 
Pounds Green feed Pounds Color 
Cow Breed green (Dry milk 
No. alfalfa matter fat 
hay basis) (a) per day Yellow Red 
34 Jersey 10.0 423 1. 34 29. 0 1. 6 
41 Jersey 12.0 413 1. 78 29.0 1. 6 
11 Jersey 8.0 403 1. 51 24. 0 1. 3 
13 Jersey 8.0 45.5 3 0.58 33.0 1. 6 
208 Holstein 15.0 35 3 1. 23 19.0 1. 6 
211 Holstein 12.0 283 2. 13 17.0 1. 5 
219 Holstein 12.0 283 1. so 19.0 1. 7 
(a) Per cent of moisture free green feed in total ration. 
The most interesting featu!'e of the above table is to note that 
on the basis of the per cent of green dry matter in the ration, the 
Jersey cows produced the highest colored fat because they received 
the highest per cent of green dry matter. By taking into considera-
tion also the difference in fat production, an interesting calculation 
can be made with the :figur:es of average color, fat production and per 
cent of green dry matter in the ration, which will cause the relative 
color production of the two breeds to approach almost unity. 
Jerseys 
Average per cent of green feed in ration. . . . . . . . . . . . . . 42. 13 
Average fat production..... . . . . . . . . . . . . . . . . . . . . . . . . 1. 30 lbs. 
Average color of fat (Units of yellow)...... . . . . . . . . . . 29. 0 
Holsteins 
303 
1. 6 lbs 
18.0 
If it be assumed for the moment that there is no breed charac-
teristic we can say that 30% green feed in the ration of the Holsteins 
produces 18 units of yellow in 1.he fat for the same reason that 42% 
green feed in the ration of the Jerseys prod'l1ces 29 units of yellow 
in their fat. If this is true then the following proportion would be a 
true one, i. e. : 
42:29 : : 30:18 
The product of the means is not quite equal to the product of the 
extremes but gives the result, 
870 = 756 
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If the amount of fat produced is taken into consideration and each side 
of this equation is multiplied by the corresponding amount of fat we 
have the result, 
870 x 1.3 = 756 x I.6 
or 1,131 = 1,210 
or l = 1.07, which is very near unity. 
The relation between the breed of the cow and the color of the 
fat under two different conditions of feeding is well illustrated by 
Tables r8 and 19. The color of the fat produced by cows No .. 34 
and 208 is given under both heavy and moderate pigment feeding. 
The data in Table 19 were obtained a number of weeks after that in 
Table 18. The figures show that the change from heavy to moderate 
pigment feeding caused the color of the milk fat of the Jersey cow 
to drop 50% while a similar change in the feed of the Holstein cow 
caused a color drop of only 35%· 
The relation of the breed to the change in color produced by a 
change in the ration is also well illustrated in the following table 
No. 20. 
TABLE No. 20. COLOR PRODUCTION IN DIFFERENT BREEDS AS AFFECTED BY 
CHANGES IN RATION. 
Grams Color of fat 
Cow No. Breed Date fat 
produced 
Yellow Red 
213 Holstein 3-11-13 122 8.5 1. 4 
213 Holstein 4-10-13 135 54.0 1. 8 
220 Holstein 3-11-13 167 3.0 0. 7 
220 Holstein 4-10-13 208 22.0 1. 2 
303 Ayrshire 3-11-13 213 2.5 0. 6 
303 Ayrshire 4-10-13 263 16.0 1. 1 
16 Jersey 3-11-13 304 11. 0 1. 7 
16 Jersey 4-10-13 363 64.0 2.0 
' 57 Jersey 3-11-13 240 5.2 1. 2 
57 Jersey 4-10-13 263 54.0 1. 7 
64 Jersey 3-11-13 281 4. 7 1. 5 
64 Jersey 4-10-13 358 47.0 1. 6 
The first sample for each cow in the above table represents the 
result of a long continued feeding of a ration almost entirely lacking 
in carotin and xanthophylls. The second sample represents one month's 
feeding of a ration rich in these pigments, the ration including a 
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plentiful supply of green alfalfa hay and some fresh green grass. 
The data bring out two points worthy of emphasis. One of these 
is that it is possible to find pure bred Holstein cows entirely lacking 
in the so-called breed characteristic of color production. Holstein 
Cow No. 2I3 for instance produced as much color in her fat in both 
periods as any of the Jerseys. The low color of the milk fat of cows 
No. 220 and No. 303 in the second period can only be explained at 
present on the ground that it was due to some inherent characteristic 
of the animals, which for lack of a better term may be called breed 
characteristic. The other point brought out by the data is merely in 
emphasis of the results obtained in the feeding experiments showing 
that all br.eeds of cows suffer alike in regard to the color of their 
milk fat when the pigments carotin and xanthophylls are withdrawn 
from their food. At this time there is no breed characteristic. 
Not only does the breed characteristic disappear when the source 
of the pigment is withdrawn, but it also disappears for all cows at the 
time of maximum color in the fat, i. e. immediately after parturition. 
Data was given in Tab1e 8 showing the high color of the colostrum 
milk fat for cows of three breeds. There was certainly no breed 
characteristic evident there. 
There is one other breed difference yet to be considered, which 
has led, probably more than anything else, to the belief that Jersey 
and Guernsey cows can produce yellow butter fat at any time, regard-
less of feed. This difference has to do primarily with the storage of 
pigment in the body, and its discussion belongs properly to the two 
subsequent papers of this series. A brief statement here in regard 
to it however will prevent a doubt arising in the minds of some read-
ers, whose practical experience is apparently contrary to the experi-
mental evidence here offered. 
Stating the question in hypothetical form, it may be said that 
if a J ers-ey (or Guernsey) and a Holstein cow, both giving well-colored 
milk fat, the possibility of which cannot be denied in the light of the 
evidence which has been offered on this point, are put upon dry feed 
containing little or no carotin and xanthophylls, the color of the milk 
fat will drop much faster with the Holstein cow than with the Jer-
sey (or Guernsey) cow, unless great care is taken to provide a ration 
as nourishing and palatable as the previous pigmented one. The re-
sult will be that the Jersey (or Guernsey) cow will appear to be pro-
ducing colored milk fat on a non-pigmented ration. The explanation 
for this has already been given in connection with feeding Experi-
ments Nos. I and 6, and lies in the fact that the body fat of Jersey 
and Guernsey cows furnishes a supplementary storage of pigments 
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not usually found in other breeds. It will be shown in a subsequent 
paper that if the body fat which furnishes the supplementary pig-
ments in the case of the Jers.ey (or Guernsey) cow is laid on with 
~ non-pigmented ration, it will be as colorless as is often seen in the 
case of the body fat of Holstein cows. If this were true in the 
hypothetical case described above, there would have been no breed 
characteristic evident, for it will also be shown in a subsequent paper 
that the normal storage of pigment, i. e. that of the blood semm, is 
practically the same for all breeds of cows. 
Sufficient evidence has been presented to permit a repetition of 
a previous statement, namely that the relation of the breed to the 
color of the milk fat has received more emphasis than a study of the 
question will warrant. The color of the milk fat is primarily depend-
ent upon the character of the food and the fact that some breeds of 
cows give less color in their milk fat than other breeds will probably 
be found to be only an apparent one when all the factors which come 
into play are known. 
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DISCUSSION OF RESULTS. 
It was the primary object of this investigation to classify the 
natural yellow pigment of milk fat both as an individual and also 
in relation to the two well-known yellow classes of plant pigments, car-
tin and xanthophylls, whose general properties have often been observed 
to be closely related to various yellow pigments of so-called animal 
origin. 
Basing the study upon a number of well-defined, characteristic 
physical and chemical properties of carotin and xanthophylls, it has 
been shown that the principal pigment of milk fat is a member 
of the fast widening group of hydrocarbon pigments, the carotin 
.of green plants. In addition it has been shown that the milk fat 
carotin nearly always has associated with it one or more minor 
constituents whose general properties and characteristics are identical 
with the xanthophyll group of pigments. Two and possibly three 
xanthophyll constituents were found in one sample of high colored 
butter fat. 
In addition to the establishment of a chemical relation between 
carotin and xanthophylls and the yellow lipochrome of milk fat, it 
has been possible to demonstrate a much more significant fact, namely 
that this lipochrome whose origin has hitherto been considered to be 
in the animal body is in reality merely the carotin and xanthophylls 
of the food, which are absorbed by the body and subsequently secreted 
in the milk fat. Numerous feeding experiments show that when the 
food is deficient in carotin and xanthophylls for a period of time, the 
milk fat slowly decreases in color and eventually approaches a color-
less condition. The experiments also show that when foods rich in 
carotin and xanthophylls are given to a cow whose milk fat is deficient 
in lipochrome, the color of the milk fat at once increases in propor-
tion to the amount of pigments fed. This is true regardless of whether 
the carotins and xanthophylls are associated with chlorophyll as in 
green feeds, or whether chlorophyll is completely absent and xan-
thophylls almost so, as in carrots. 
The experiments show in addition that small amounts of carotin, 
such as are present in the oil of cottonseed meal have appar·ently no 
effect on the color of the butter fat. It is not clear, however, whether 
this is due to the smallness of the amount of carotin or tci the state 
in which it exists in the food, i. e., dissolved in oil. There is some 
evidence on both sides. Mendel and Daniels 1 have recently found 
1. Jour. Biol. Chem. 13, No. 1, p. 72 (1912). 
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that when :fifteen grams per day of Sudan III dissolved in oil was 
fed to a cow for three successive days, there was no indication of 
the dye in the milk. On the other hand, in the feeding experiments 
with Cow No. 301 wher·e the bleached alfalfa hay was changed to 
timothy hay containing a small amount of carotin, there was also 
apparently no effect on the color of the milk fat. 
It is especially noteworthy that all of the above feeding experi-
ments which involved yellow corn are united in pointing to its inabil-
ity to impart any color to the butter fat. This result is not so sur-
prising, however, when viewed in the light of the character of the 
pigment of yellow corn as shown in the chemical studies. It was 
found there that the pigment is largely a xanthophyll. It may be 
stated that the butter fat of Cow No. 30I during the last yellow corn 
experiment failed to show the presence of the corn xanthophyll, when 
subjected to careful examination. 
The feeding of carotin in the form of carrots to a cow giving as 
low colored milk fat as Cow No. 30I gave an excellent opportunity to 
study the proportion of carotin and xanthophyll in the resulting well-
colored butter fat. This investigation was reported in connection 
with the study of the proportion of carotin and xanthophyll in butter 
fat under varying conditions of production. It was found that the 
xanthophylls were practically absent from the fat. The conclusion 
is that the_ xanthophylls must be present in the food in large excess, 
as in grass, before they will appear in the butter fat. 
It was mentioned above, and the fact is worthy of special notice, 
that when the carotin and xanthophylls are withdrawn from the food 
the falling off in color of th·e butter fat is sometimes very slow. In the 
case of Jersey cow No. 57, it required twenty-seven ·days for the butter 
fat to drop in color from 43 to 8.5 units of yellow. Normally, it should 
require much less time for the color to drop this amount. For instance 
it required only I2 days for a similar drop to be brought about in the 
color of the milk fat of Jersey cow No. 59. ln explanation of this 
difference it may be stated that upon a normal plane of nutrition, the 
blood serum furnishes the pigment for the milk fat. When the plane 
of nutrition is below normal in a lactating cow the body fat is drawn 
upon to aid in the production of milk fat and also for other purposes. 
If the body fat thus utilized has a high yellow color, as is usually 
the case in Jersey and Guernsey cows, the normal storage of pigment 
for the milk fat will be continually, at least partially, replenished. 
The reduction in color of the milk fat will then be much slower than 
normal. It was stated above and will bear repetition, that we have 
here an explanation of why Jersey cows apparently often produce high 
colored milk fat on a low pigmented ration, as during the winter months. 
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The results of these experiments ar·e of considerable practical 
importance. It is readily seen, for instance, that the peculiar popular 
conception of the enhanced value of butter on account of a high 
yellow color is absolutely without foundation. It is furthermore seen 
that the prevailing opinion among some cattle breeders that Guernsey 
and Jersey cows are able to synthetically produce a high colored but-
ter fat under all conditions is also unfounded. It has been shown 
that all breeds of cows will produce well-colored butter fat under 
proper feeding conditions. The reverse has been shown to be espe-
cially true, namely that a cow, regardless of breed, cannot produce 
high colored butter fat under normal conditions, unless the food con-
tains the pigments which are utilized for that purpose. 
With our present knowledge, however, we would not be justified 
in saying that there is no breed characteristic in connection with the 
color of butter fat.. Under apparently equal conditions Jersey and 
Guernsey cows usually give higher colored milk fat than Holstein or 
Ayrshire cows. We have been able to off.er some evidence, however, 
showing that during a moderate pigmentation of the milk fat, this 
difference largely disappears when the amount of fat produced and 
the proportion of the ration which is the source of the pigment are 
taken into consideration. Further experiments would be required to 
ascertain whether this is true under all conditions of milk fat pig-
mentation or only true for moderate pigmentation. The data already 
at hand at Ieast entirely justify the statement that the so-called breed 
characteristic has been given more emphasis than is warranted by an 
actual study of the facts. 
The results of our experiments are furthermore of considerable 
physiological significance. A direct source for the lipochromes of the 
cow has been established, which opens the question of a similar 
source for all animal lipochromes. The lipochrome of milk fat has 
been increased or decreas·ed with great ease by merely varying the 
food of the cow. Such a result throws great doubt upon any physio-
logical significance which the lipochromes have been supposed to exert 
in the animals in which they have been found. Apparently it is merely 
a question of the inability of the animal body to throw off the excess 
of carotin and xanthophylls contained in its food. Experiments will 
reported in a later paper of this series showing that the blood serum, 
of the cow at least, very rapidly takes up the carotin (especially) of 
the food and carries it through the body in combination with an albu-
min of the serum. 
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SUMMARY. 
I. The fat of cows' milk owes its natural yellow color to the 
pigments carotin and xanthophylls, principally carotin, the well-known, 
wide-spread, yellow vegetable pigments found accompanying chloro-
phyll in all green plants. 
2. The carotin and xanthophylls of milk fat are not synthesized 
in the cow's body, but are merely taken up from the food and subse-
quently secreted in the milk fat. 
3. When food practically free from carotin and xanthophylls, 
such as the cow usually receives during the winter months, is given 
to a milk-giving cow, the immediate supply of these pigments in the 
organism is greatly depleted and may be entirely used up, on account 
of the constant drain upon the supply by the milk glands. The but-
ter fat accordingly approaches a colorless condition in proportion to 
the supply of carotin and xanthophylls in the system, the length of 
time these pigments are kept out of the food, and also, very probably, 
in proportion to the amount of milk fat being produced. 
4. If food rich in carotin and xanthophylls is given to a milk-
giving cow whose milk fat has become practically colorless by reason 
of the above conditions, the organism will at once recover its lost 
pigments and the milk fat will increase in color in proportion to the 
amount of carotin and xanthophylls, especially carotin, in the food. 
Fresh green grass probably being the richest in carotin of all natural 
dairy cattle feeds, accordingly produces the highest colored butter. 
5. There is some difference among different breeds of dairy 
cows in respect to the maximum color of the milk fat under equally 
favorable conditions for the production of a high color. Each breed 
of cows, however, will undergo the same variation in color of the 
milk fat which follows a withdrawal or addition of carotin and xan-
thophylls, especially carotin, to the food. Under some conditions, 
also, the apparent breed characteristic largely disappears. The popu-
lar opinion in regard to the breed characteristic has been overempha-
sized, and statements in regard to it should in the future be qualified 
with a statement of the conditions of feed, etc. 
6. Under normal conditions cows of all breeds produce very high 
colored milk fat for a short time after parturition. The pigments 
of the fat at this time are identical with the normal pigments of the 
fat. Their increase at this time is probably due to the physiological 
conditions surrounding the secretion of the milk of the freshening 
animal. 
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